Abstract. The bicycle is not only a pollution-free method of transportation, but also has sport and recreation functions. Therefore, the bicycle attracted attention in now society gradually. This study uses the rigid-plastic finite element (FE) DEFORM TM software to investigate the plastic deformation behavior of a 7075 aluminum alloy workpiece as it is formed through a ring rolling die. This study systematically investigates the relative influences of ring rolling velocity, entering velocity, and workpiece temperature under various ring rolling forming conditions. The effective strain, effective stress, and workpiece damage distribution in the ring rolling process are also investigated. Results confirm the suitability of the proposed design process, which allows a ring rolling manufacturer to achieve a perfect design during finite element analysis.
Introduction
Ring rolling is widely used in the production of railway tires, anti-friction bearing races, flanges of various geometry, and rings of different materials and dimensions. As a result, the ring rolling technique is widely used in the chemical, aerospace, automotive, and nuclear industries. Davey and Ward [1] [2] described an arbitrary Lagrangian Eulerian update strategy that makes the analysis of ring rolling a practicable proposition for finite element flow formulation. This study focuses on methods developed to produce accurate predictions while ensuring numerical stability for an arbitrary high number of ring revolutions. Moon and Lee [1] applied a rigid-viscoplastic finite element to numerical schemes to reduce the computational time and minimize the volume change of predicting the polygonal-shaped defects formed during hot ring rolling. Song et al. [4] developed a coupled two-dimensional elastic-plastic thermal-mechanical model to simulate the hot ring rolling process. Yang et al. [5] investigated the effects of material properties on the cold ring rolling process using 3D-FE numerical simulations based on the elastic-plastic dynamic explicit FEM in an ABAQUS environment.
Lim et al. [6] used a hybrid mesh technique with an elastic-plastic finite-element method to simulate plain and V-section profile ring rolling from an initially rectangular cross-section. Their simulations also accounted for the use of axial rolls in controlling the height of the ring product. Utsunomiya et al. [7] investigated the fundamental characteristics of the cold ring rolling process using a conventional implicit elastic-plastic finite element method and a non-steady-state scheme. Yan et al. [8] developed a convenient method of planning the feed speed by building a mathematical model based on analysis of the reason for the ring enlargement during rolling. Finally, Chen et al. [9] used the Taguchi method to determine the optimum design parameters for a titanium alloy (Ti-6Al-4V) workpiece under ring rolling.
The advantages of ring rolling include a short production time, uniform quality, smooth surface, close tolerances, and considerable reduction in material cost. This study uses finite element software to simulate the plastic deformation of 7075 aluminum alloy during rim ring rolling. Specifically, this study analyzes effective strain, effective stress, and damage of 7075 aluminum alloy distribution in the ring rolling process. Results confirm the suitability of the proposed design process, which allows a ring rolling manufacturer to achieve a perfect design during finite element analysis.
Finite Element Method and Simulation Process Analysis
The rigid-plastic finite element (FE) DEFORM TM 3D [10] program is based on the design and forming processes for analytical models of two dimensional and three dimensional rigid-plastic deformations. Variations in forming processes appear in the control model, constant critical damage value, temperature after plastic deformation, effective stress, effective strain, plastic flow rate, and die radius load distribution of the work piece. This software simulation model not only saves time and money in tooling and mold testing, but also reveals very important information. DEFORM TM 3D software is widely used in forging, extrusion, pulling, rolling, stamping, upsetting, and other precision forming processes for metals. This software consists of multiple modules. The main structure can be divided into pre-treatment modules, simulation engine, post-processor modules, and multifunction modules. DEFORM TM 3D also simulates plastic deformation express plastic flow stress (flow stress). The flow stress equation is Eq. 1:
where T is temperature, ε is the strain,ε is the strain rate.
Assuming that the speed distribution on the exit plane is linear, and ignoring slip between ring and main roll (driven roll), the ring's circumferential speed at the outside on the exit is equal to the main roll speed 1 R v during rim ring rolling. The mean ring circumference speed on exit h v is then given by [8] :
From the condition of continuity of metal flow, if the speed is negligible, we have
In the equations above, h is the current ring thickness, H is the ring thickness entering deformation zone, m D is the current mean diameter of the ring, 1 R v is the circumferential velocity of the main roll, h v is the outgoing mean velocity of the ring, and H v is the entering mean velocity of the ring [8] . Fig. 1 presents a schematic illustration of 7075 aluminum alloy ring rolling. This study models the friction at the die workpiece interface using the friction shear model. SolidWork was used to draw the sketch for a rim roll diameter of 660 mm. The pressure roll and driving roll closed to 7075 aluminum alloy to forming the rim shape. Fig. 2 shows a sectional sketch of bicycle rim ring rolling. Part (a) shows the rim section before ring rolling, while part (b) shows the inside and outside section shape after ring rolling. Table 1 shows the simulation parameters of the bicycle rim for the following design factors: Factor A: feet rates of 0.4 mm/s, 0.35 mm/sec, and 0.245 mm/sec; Factor B: rotational speeds of 27 rad/sec, 30rad/sec, 35rad/sec, 45rad/sec, 50rad/sec, and 55rad/sec; Factor C: billet temperature of 20 o C; and a friction factor of 0.9. This study analyzes 7 different processing conditions for effective stress, effective strain, and damage distributions for a bicycle rim. Table 1 show that the effective strain is negatively correlated with the rotational speed of the driving roll. Numbers 5 and 6 in Table 1 show that the effective strain is negatively correlated with the feed rate of the pressure roll. Table 1 , while the maximum stress occurred in Number 2 in Table 1 . Numbers 6 and 7 have same effective stress, implying that the feed rate of the pressure roll and the rotational speed of the driving roll both affect the stress of forming material. Table 1 ).
Results and Discussion
. 
Conclusion
This study uses finite element software to simulate the plastic deformation behavior of a 7075 aluminum alloy during rim ring rolling. The major findings can be summarized as follows: (1) During rim ring rolling, the maximum effective strain and damage value appeared on both sides of the inside material and the middle region of the outside material. (2) The feed rate of pressure roll and rotational speed of driving roll both affected the effective stress of forming material.
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